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Abstract. It was recently proposed that the fringe visibility in the interference pattern of a double-slit diffraction experiment with a 
HeNe laser beam was reduced as a consequence of the focused attention of participants on the double-slit that initiated the collapse 
of the photon wavefunction. A thorough examination of the reported apparatus and diffraction pattern data is presented here 
revealing a number of inconsistencies in the experimental setup. The hypothesis for wavefunction collapse under the proposed 
experimental conditions is found problematic as the use of single photon sources is demanded.  
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1 INTRODUCTION 
Bohr’s principle of complementarity of the wave-particle 
duality is demonstrated in the double-slit interference 
experiment. When the path of a particle through each of the 
two slits is determined, its particlelike property is 
expressed. On the other hand, the wavelike property is 
documented by the clearly visible interference fringes. The 
observation of interference pattern and the acquisition of 
which-path information of the path of the particle through 
one slit are, therefore, mutually exclusive in this so-called 
interferometric complementarity [1].  
The degree of wave interference or contrast between 
fringes, i.e. the wave-like quality of the particle, is 
measured by the visibility parameter V, estimated through 
minmax I&I , the maximum and minimum intensities in the 
interference pattern, [2] 
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Visibility equal to 1 corresponds to the highest contrast 
between fringes, a sign of wavelike quality, when maxI  and 
minI take their highest and lowest values, respectively. On 
the other hand, the which-path information parameter 
(WPI) or the distinguishability parameter P, quantifies the 
available paths to a particle. If the particle is equally likely 
to take any of the available paths then P is 0 depicting again 
its wavelike quality. If a particular path is much more likely 
than any other path then P is close to 1. The particlelike 
property is therefore witnessed as the path of the particle is 
identified.  In the conventional understanding of quantum 
mechanics we have no right to claim that any given particle 
actually follows a definite path, unless we actually measure 
the path of each one of them [3]. It is possible, however, to 
have partial knowledge of the particlelike as well as the 
wavelike property simultaneously. 
Partial which-path information and reduced visibility can 
be obtained as long as the quantities P and V fall within the 
complementarity inequality [4, 5] 
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This duality relation puts an upper bound to the maximum 
values of simultaneously determined interference visibility 
V and path distinguishability P. The equality in (2) holds 
when each of the two beams passing through the slits are 
perfectly coherent. Relation (2) has been experimentally 
confirmed in a variety of situations [6, 7].  In experiments 
involving photons it is demanded that a single photon 
source is used so that full and unambiguous WPI is 
obtained to justify the particlelike property observed, 
complementary to the observation of interference [8, 9, 10]. 
The studied phenomena are recognized as quantum 
phenomena provided the single photon condition is 
fulfilled.  
The probability to find the photon at a time and place is 
determined by its wavefunction. When there is enough 
information to identify its path, this is said to cause the 
collapse of its wavefunction, since what was before just a 
set of probabilities has now been replaced by a certainty 
regarding the photon’s trajectory.  Without the prerequisite 
of single photons, the study of any trends observed in a 
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double-slit diffraction experiment is simply treated by 
classical electrodynamics rather than quantum theory.  
To measure the visibility parameter (V) in an interference 
pattern is a relatively straightforward task. The estimation 
of the distinguishability parameter (P) of the path of a 
photon, on the other hand, calls for a special experimental 
setup as, for instance, one that enables the entanglement 
between the single photon’s path and its polarization by 
introducing an adjustable half wave plate [6], or by the 
introduction of a second quantum system to serve as a 
which-path detector [8]. 
There were also attempts to distinguish the path of 
photons by unconventional methods, such as by employing 
the process of extra sensory perception. The more recent of 
these experiments has used the beam of a HeNe laser 
diffracted through a double-slit to investigate the role of 
consciousness in the collapse of the wavefunction 
(reference [11] and related references therein). The working 
hypothesis in ref. [11] suggests a decrease in the contrast of 
interference fringes due to the wavefunction collapse of the 
photons. It therefore suggests a decrease in the visibility 
(V) parameter, as a consequence of the increase in the 
distinguishability (P) of the path of the photons 
accomplished by mentally focusing on the invisible photon 
path.  To investigate any changes in fringe visibility, the 
intensity of light in the interference pattern was recorded on 
a line of 3000 pixels of a digital camera. These digital 
recordings fed to a computer were further subjected to a 
fast Fourier transform analysis (FFT) from which the power 
spectrum was extracted and plotted as power against 
frequency expressed in wavenumbers. The power PK 
corresponding to the interference pattern appearing as a 
peak at wavenumber K was divided by the power P1 at 
wavenumber 1 to yield the ratio R. The R parameter was 
predicted to decrease by the focusing of conscious attention 
on the double-slit. It is shown in appendix I that the R 
parameter, the experimental measure to be tested in ref. 
[11], is related to the visibility V of the double-slit 
diffraction pattern.  
However, the publication of Radin et al does not report 
absolute values of R during the course of an experiment (or 
absolute values of the fringe visibility), but the end result of 
a normalization yielding the parameter RZ, instead.  At the 
end of each session the average (μ) of all R values was 
estimated, as well as their standard deviation from the mean 
(σ). The normalized RZ parameter was obtained by 
subtracting μ from each R and dividing their difference by 
σ. To observe the role of consciousness in the purported 
collapse of the photon wavefunction, the power spectrum 
was recorded under two consciousness-related conditions 
namely, attention focused toward the double-slit apparatus 
during the diffraction experiment as compared to away 
from it. The "attention-toward" condition claimed to allow 
for partial observation of the photon path by a process not 
yet scientifically identified. A comparison of the visibility-
related parameter R between the two conditions, “attention-
toward” and “attention-away”, was carried out and the 
statistical significance of their difference was estimated. 
The article reports that the statistical significance of this 
difference is beyond chance expectation and considers it as 
evidence that focused attention collapses the photon 
wavefunction. The experiment investigates in addition 
whether the reported focused attention is indeed taking 
place during the "attention-toward" experimental condition, 
(when the fringe visibility is being reduced), by studying an 
electrocortical marker of attention in electroencephalograph 
(EEG) spectra. The article reports positively correlated 
changes between the reduction of fringe visibility and the 
shifts in attention, confirming that focused attention is 
indeed taking place during the “attention-toward” 
condition. 
In the next section a thorough evaluation of the 
experimental setup of ref. [11] is carried out, before the 
required conditions for observing a wavefunction collapse 
in a double-slit diffraction experiment are discussed in 
section 3. 
   
2. CHARACTERISTICS OF THE DOUBLE-
SLIT DIFFRACTION PATTERN IN RADIN 
ET AL. 
The double-slit diffraction apparatus used in ref. [11] 
consists of a 5 mW HeNe laser operating at wavelength 
λ=632.8nm. The beam power is attenuated to 0.5mW by 
use of an appropriate filter before it reaches the set of two 
slits, each of width a=10 μm and a reported distance d=200 
μm between their centers. The camera is thus exposed to an 
even lower intensity of diffracted laser light. The double-
slit is located at a distance D = 10.4 cm from a camera, 
which records the interference pattern by use of a line of 
3000 pixels. The size of each camera pixel is wrongly 
reported in ref. [11] to be 0.2μm by 7μm. It was apparently 
copied from a misprint in the camera manual (where the 
200μm appears with a dot in front of it as .200μm) and 
misinterpreted to read 0.2μm. The correct size, 7μm by 
200μm, is found at two other places inside the manual 
which is available at the company’s site [12]. 
  On the basis of the above data it is possible to estimate 
certain characteristic features of the diffraction pattern 
generated by the apparatus of Radin et al, first checking 
that the necessary condition for Fraunhofer diffraction is 
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Fig. 1. The double-slit diffraction experimental setup of ref. [11]  
satisfied: 12 Da .  In particular, the reported data 
allow for the estimation of the following characteristics 
(see appendix I): (a) the missing order fringe and the 
number of fringes inside the principal maximum, (b) the 
width of the principal maximum, (c) the fringe separation at 
the plane of the camera, (d) the position of the first 
secondary maximum and (e) the position of the 
characteristic double-slit interference power peak in the 
FFT spectrum. A sketch of the double-slit setup is 
presented in Fig. 1 for clarity, at the right hand side of 
which the diffraction pattern reported in ref. [11] is added.  
A disagreement between the characteristics of the 
double-slit diffraction pattern in Radin et al and the 
reported apparatus description becomes apparent, see 
appendix I.  The principal maximum should be only 1884 
pixels wide rather than the reported 2308 pixels in fig. 2A, 
the fringe separation inside the principal maximum should 
be 47 pixels instead of the 69 pixels reported, the absent 
first secondary maximum should be already in view at the 
2869th pixel having about 282 arbitrary units height and 
finally, there should appear 39 fringes inside the principal 
maximum instead of the observed 32.  
These discrepancies, the broader principal maximum, the 
larger fringe separation and the absence of the first 
secondary maximum could be due to a couple of reasons. 
One being a possible larger distance between the camera 
and the double-slit, i.e. about 14 cm instead of the reported 
10.4 cm, see appendix I.  They could also be due to the 
actual irregular shape of each slit, which may differ from 
the exact rectangular with sharp edges. Rectangular slits 
may have uneven width, due for instance to the relatively 
large size of their drilling tool. In such cases, suppression 
of the secondary maxima occurs, an effect known as 
“apodization”, followed by the broadening of the principal 
maximum, as the case could have been here. Apodization 
is, in fact, beneficial for certain applications where the 
presence of secondary maxima blurs the image of a 
projected object and techniques are employed to artificially 
introduce it in their optical systems [13-16]. 
Even though some discrepancies between reported data 
in Radin et al could be understood on the assumption that 
either the camera was positioned differently than was 
reported or, that a not-so-ideally shaped double-slit was 
used, such grounds cannot account for the 7 missing fringes 
inside the principal maximum. A possible reason for the 
absent fringes could be camera pixels that are not sensitive 
enough because of contamination and therefore not 
adequately recording the intensity distribution of the 
diffracted light. An effort to produce the diffraction pattern 
by a solid line, speculatively drawn on a scatter of deficient 
pixel recordings, as the case may be in fig. 2A of ref. [11], 
can miss a few fringes.  
The experimental data points should have already been 
plotted and be present on this diffraction pattern, as one 
would expect from an analogous scientific experiment [17]. 
The existence of a solid line that highlights the shape of 
fringes in a diffraction pattern plotted on absent data points 
is then highly questionable.  Was this line drawn on the 
basis of fitting the (currently invisible) experimental data 
points on a mathematical function representing the intensity 
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distribution, in which case what was the form of this 
mathematical function?  
A statistical approach that tests a hypothesis comparing 
results between two conditions does not assign minor 
importance to questions such as the above. A not sensitive 
enough line of camera pixels, that is corroborated by the 
irregular shape of the principal maximum in the diffraction 
pattern, produces unreliable records of data from one test to 
the other that are supposed to confirm a hypothesis, i.e. that 
the fringe visibility is perturbed by conscious attention.   
Furthermore, as shown in appendix I-(e) and II, the 
power spectrum from which the R parameter is estimated, 
the fundamental factor of analysis in Radin et al, was 
placed at the wrong position on the graph. It needs to be 
shifted from its current position to the left by about one 
wavenumber before the measure R is estimated. The FFT 
analysis of Radin et al finds the main power peak at 45 
wavenumbers, see fig. 2B and its caption. The necessity for 
shifting the power spectrum is justified also by another fact. 
In its new position the power peak is located at 44 
wavenumbers, which happens to be the inverse (in 
wavenumbers) of the fringe separation of 69 pixels, as 
expected (see appendix I). More importantly, the power at 1 
wavenumber at the new position will be significantly higher 
than it is currently displayed in fig. 2B, due to the steepness 
of the power spectrum at low frequencies. By bringing the 
spectrum to the corrected position after the shift, the 
measure R can be estimated from fig. 2B of Radin et al to 
be R0.32 from which a good estimate of the visibility 
parameter turns out to be V75%, see appendix II. On the 
other hand, the visibility estimated from fig. 2A is close to 
100% indicating incompatibility of the two figures in terms 
of the estimation of V, unlike what would be expected 
given that the one is derived from the other. 
 
3. Discussion 
The intensity distribution of the double-slit diffraction 
pattern in Radin et al deviates from that expected on the 
basis of the reported setup. Fringes are missing from inside 
the central maximum. The intensity of the present fringes 
appears unevenly shaped indicating a combination of 
causes such as a possible angle of the double-slits to the 
vertical, or a possible contamination of the camera pixels 
affecting their sensitivity. The experimental diffraction 
pattern data points are not presented on the graph, its shape 
is nevertheless outlined by a solid line with no reference to 
the applied data fitting procedure [17], which adds to the 
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Fig. 2 Simulated double-slit diffraction pattern. The order of the missing fringe is mmissing order=20. See 
text for details. 
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possible causes for the uneven shape of the diffraction 
pattern’s envelope. Additionally, incompatibilities are 
detected between the diffraction pattern characteristics and 
the experimental setup (distance of double-slit from camera 
and possible deviation of the slit shape from rectangular).  
The main measure that assesses the working hypothesis 
in Radin et al, the R parameter, is based on this problematic 
diffraction pattern from which the fast Fourier transform 
(FFT) power spectrum is extracted. The reported power 
spectrum, fig. 2B, of the double-slit diffraction intensity 
distribution, fig. 2A, do not seem to be compatible with 
each other. For instance, the spectrum appears to be 
erroneously positioned on the graph of fig. 2B. Also, efforts 
to estimate the fringe visibility, V, from the reported power 
spectrum as well as from the diffraction pattern could not 
yield compatible estimates, see appendix II.  
Possible technical flaws and shortcomings in the 
experimental setup prepared to question the hypothesis in 
Radin et al could render the data on which their hypothesis 
is based as unreliable.  Leaving for the moment this matter 
aside, it is primary to investigate whether the hypothesis 
itself is indeed testable under the proposed experimental 
setup. To be reminded, it was proposed that conscious 
attention distinguishes the path of a number of 
(indistinguishable) photons sent to a double-slit, instigating 
the collapse of their wavefunction.  The collapse is 
manifested by the reduction of the visibility of the fringes 
inside the principal maximum of the diffraction pattern 
recorded by a digital camera.  
Interference phenomena involving massive particles, e.g. 
atoms [8] or neutrons [4], can be explained only in quantum 
theory. On the other hand, experiments set to observe 
similar which-path quantum phenomena using photons 
would demand single photon interference experimental 
setups [6]. It has been emphasized that even if a strongly 
attenuated coherent laser beam is used, it would not be 
sufficient to illustrate quantum (particle) properties, such as 
the collapse of the wavefunction. Researchers are cautioned 
that the particular quantum state of the laser light in such 
cases is perfectly described as a wave by classical 
electrodynamics. Thus, it can never be used for which-path 
information measurements [10].   
Attenuated laser beams in a double-slit diffraction 
experiment testing the interferometric complementarity (2) 
have been used without the need to introduce single 
photons, however, under an extra and important 
prerequisite; that the HeNe laser photons are 
simultaneously prepared in the same wavefunction 
produced by a single-mode beam [18].  The photons in the 
laser beam used by Radin et al do not fulfil this condition, 
since the beam operates in about three modes instead of 
one, according to the data in the manufacturer’s manual 
(longitudinal mode spacing, 438 MHz: Melles Griot red 
HeNe laser 25 LHP 151). Also, the coherence length of the 
HeNe laser beam used in ref. [11] is approximately the 
same or less than the cavity length [19], which is about 34 
cm and not more than one meter as it was suggested in ref. 
[11]. 
Considering the width of the HeNe laser beam (0.8mm 
according to the manufacturer’s manual), the width of the 
slit (10μm) and its attenuated power (0.5mW), there should 
be about 10,000,000,000,000 photons on average of 
approximate energy 19103  J passing every second 
through each slit at the speed of light, on which the 
conscious attention of an observer is focused during the 
experiment. How many of this enormous number of 
indistinguishable photons can be “observed” during their 
flight from the laser to the camera that lasts about 
0000000001,0 seconds?  The mechanism would seem 
incomprehensible by everyday experience, unless there is a 
process of interaction between consciousness and physical 
environment not yet scientifically described.   
There is another reason why the hypothesis for a 
quantum process underway in Radin et al cannot be 
confirmed by the applied experimental setup. Collecting 
which-path-information on single photons or measuring the 
distinguishability parameter (P) is typically performed by 
use of physical apparatuses. This way the parameter P is 
quantified independently from the visibility parameter V.  
In the experiment of Radin et al. the photon 
distinguishability is not measured.  Consciousness, or 
conscious attention, does not compare to the typical 
physical device that records photon trajectories.  Unless 
there is an acceptable scientific theory to support that 
conscious attention is indeed affecting the photon 
distinguishability, any decrease of fringe visibility does not 
necessarily indicate that there has been an increase in 
photon distinguishability.  
There can be a number of experimental factors 
responsible for the reduction of fringe visibility observed 
by a reliable experimental setup.  For instance, the presence 
of more than one mode in the beam can create intensity 
instability and affect the coherence of the beam. Changes in 
camera sensitivity may be another factor, or even the 
presence of possible mechanical movements of the slits that 
may have caused the asymmetric diffraction pattern 
observed in fig. 2A.  All things considered, until a scientific 
theory of interaction between consciousness and quantum 
particles (causing the collapse of the quantum 
wavefunction) is scientifically confirmed, the phenomena 
observed by attenuated laser beams should be fully 
interpreted by classical physics [20]. A fascinating concept 
such as the interaction of consciousness and matter would 
require the design of meticulous and carefully chosen 
experimental conditions. Till then, a safe distance from 
dangerous associations with quantum phenomena would be 
advisable.  
In the words of Richard Feynman [21]: 
If science is to progress, what we need is the ability to 
experiment, honesty in reporting results  the results 
must be reported without somebody saying what they 
would like the results to have been  and finally  an 
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important thing  the intelligence to interpret the 
results. 
                                                               
Appendix I. The experimental set up of Radin et al.  
The intensity of diffracted light in such experiments 
consists of a succession of fringes, due to the interference 
of the light passing through each of the two slits.  The 
fringes intensity, being maximum at the center, undulates 
(due to light diffracted through one slit) forming a central 
wide lobe, the principal maximum, and a series of narrower 
secondary maxima on either of its sides. At the ends of the 
central lobe the light intensity has diminished to zero 
marking the location of an absent fringe, the missing-order 
fringe, fig. 2. 
  (a) The missing order fringe and the number of fringes 
inside the principal maximum. The missing order fringe, 
mmissing order, is determined as [2, 22]                                                           
                         20adm ordermissing                          (I-1) 
Therefore, the 20th order fringe inside the principal 
maximum should be missing, starting to count fringes from 
near the center where the zero-order fringe is located, fig.1. 
There should appear only 19 fringes on the left side and 
another 19 on the right side of the zero-order fringe (m=0), 
making the total number, N, of fringes to be 
                                             
  fringes3911m2N ordermissing                        (I-2) 
The missing order fringe in the diffraction pattern of ref. 
[11] is identified as the first fringe of minimum peak 
intensity. The apparent asymmetry in the diffraction pattern 
may be due to a slight angle of the slits relative to vertical, 
in the plane perpendicular to the incident beam [23], or a 
contamination of the pixels’ surface. The position of 
diffraction fringes in fig.2A of ref [11] is given in pixels. 
The computer records intensities at each pixel between 
pixels 600 and 2400. These positions are slightly off the 
centers of the left and the right 13th fringe, respectively. 
They need to be shifted by about 19 pixels to the right 
along the x-axis so that the 13th fringe on either side of the 
centre falls exactly at the peak of the 600th and 2400th pixel, 
achieving also to bring the central fringe at the 1500th pixel, 
as it should be. Consequently, the order of missing fringe as 
it appears on this graph of fig. 2A in ref. [11] is the 16th on 
the right hand side and the 17th on the left hand side rather 
than the expected 20th.  This makes a total of 15+16+1=32 
fringes observed inside the principal maximum of the 
reported diffraction pattern, less by 7 from the expected 39 
fringes.  
 (b) The width of the principal maximum. The width of 
the principal maximum at the plane of the camera, the 
distance 2X between the centers of the two missing order 
fringes, is another feature that can be estimated in two 
ways. First, from the graph of fig. 2A of ref. [11] and also 
theoretically on the basis of the reported apparatus 
description. The peaks of the 16th on the right and the 17th 
fringe on the left are located at about 2623th and 315th 
pixel, respectively. The width of the principal maximum, as 
shown in fig. 2A of ref. [11] is, therefore, pixels2308 . 
Considering that the pixel width is  μm107 6 , the width 
of the principal diffraction maximum at the plane of the 
camera is about 1.62 cm. 
The expected width of the principal maximum, on the 
basis of the reported apparatus data is estimated as follows. 
The camera, fig.1, located at a distance 10.4 cm from the 
double slit, records the diffraction pattern along the line 
AB. The angle θ at which the slits view half of the central 
diffraction pattern on the plane where the camera is located 
(from the centre of fringe of order m=0 up to the missing 
fringe of order m=20 on either side of the centre, as 
described above), is determined as  aλθsin  , which 
equals 06328.0  since 632.8nmλ   and μm10a  . 
Therefore, 0.06328sinθ 1  rad0633.0 , or  3.63.                         
The distance X (the half width of the principal 
maximum) between the zero-order and the missing-order 
(m=20) fringe should, therefore, be   tanθc10.4X  m  
equal to about cm659.0 . Consequently, the width 2X of 
the principal maximum is about cm1.319 , or 884,1  
pixels;  narrower than the width of the principal maximum 
in fig. 2A of ref. [11] by 424 pixels. 
(c) The fringe separation at the plane of the camera. 
The spacing between fringes, w, at the plane of the camera 
will be estimated both on the basis of the reported 
description of the apparatus and also from data of fig. 2A 
of ref. [11].  First, for distance D=10.4 cm and distance 
between slits d= 4102  m [22] 
m
m
m
m
d
Dw 4
4
7
2 1029056.3
102
10328.6
104.10 


 




          
                                                                                    (I-3) 
This is equivalent to   47107/1029056.3 64   pixels.                          
 
Fig. 3. Power spectrum of the simulated diffraction pattern 
of fig. 2. 
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The spacing between fringes, as it is illustrated on the 
diffraction pattern of fig. 2A of ref. [11], appears to depend 
on location.  Between 600th  and 2400th  pixel (the peaks of 
the two fringes of 13th order) there are 26 fringe 
separations. This makes about 69 pixels fringe separation as 
reported in the caption of fig. 2B of ref. [11]. If we assume 
the observed missing-order fringes, the 17th on the left and 
the 16th on the right, their distance is 2308 pixels spanning 
33 fringe separations and yielding a fringe separation about 
70 pixels instead; larger than what is expected on the basis 
of the apparatus description (47 pixels).  
(d) The position of the first secondary maximum. The 
graph in fig. 2 shows a part of the simulated intensity 
distribution in the double-slit diffraction pattern, where the 
order of the missing fringe was chosen to be 20. The inset 
graph shows the whole pattern up to the 2nd order secondary 
maxima.  The intensity distribution  I(θ) was plotted by use 
of the equation      θTθFθI  , as the product of the 
diffraction term through one slit,   θF  and the term of 
interference of light passing through each of the two slits, 
 θT , where 
                               
2
2
θ200cosθTand
θ10
θ10sin
θF 







         (I-4) 
The simulation was performed by an Origin Pro® 7.5 
custom program using 10004 data points of step 4102    
(x-axis). The data points in this simulation are very 
narrowly spaced to ensure that there will be no fringe 
unobserved.  The fringe distance in this simulation is 0.016 
rad.  Its associated peak in the FFT power spectrum is 
expected at 63016.01  Hz. 
The peak of the 1st secondary maximum in fig. 2A of 
ref. [11] is expected to be well within the observation field 
of the line camera. It should be located at about the 2869th 
pixel. Its angular distance θ2 from the centre of the 
diffraction pattern, fig. 2, is determined by: 
aλ1.45sinθ2  , which equals 0.09176 [22]; this is 
equivalent to, X2, where  DtanθX 22   
cm10.40.0922  cm0.958  or, 42 1070.958X
  
pixels1369  away from the center. It is therefore located 
some (1500 – 1369 =) 131 pixels before the end of vision of 
the line camera.  Its expected peak height is 0.047 times the 
peak intensity I0 of the principal maximum (where: 
787I0  a. u.) and its Y-coordinate about 282 arbitrary 
units; about twice the currently displayed intensity.                                       
 The observed width of principal maximum and spacing 
between fringes, both of them larger than expected, as well 
as the absence of the 1st secondary maxima in fig. 2 of ref. 
[11] may all be due to a larger actual distance (Dx) of the 
camera from the slits than the reported 10.4 cm.  If Dx1 is its 
corrected value, considering the observed principal 
maximum width and Dx2 its corrected value due to the 
observed fringe separation, then:     

1x
D
   


cm
659.0
4.1081.0
cm13 , 
2x
D
 
m
mm
7
46
10328.6
10.210769




cm15 , where 0.81 cm is the 
observed half width of the principal maximum, yielding an 
average cmD x 14 . If the camera is actually placed 
farther away from the double slit than its reported distance 
(10.4 cm), then the peak of the 1st secondary maximum 
would be well outside the view of the line camera and 
would therefore not be visible, as actually shown in fig. 2A 
of ref. [11]. 
 (e) The position of the characteristic peak in the FFT 
power spectrum.  Fig. 3 shows the fast Fourier transform 
(FFT) spectrum of the simulated data of fig. 2, performed 
by Origin Pro® 7.5.  As expected, the spectrum exhibits a 
peak located at about 63 wavenumbers (the computer 
software assumes that the periodicity appears in time 
domain measured in seconds so that the frequency is 
measured in Hz), the inverse of the fringe spacing 0.016, 
(or more accurately the inverse of 0.0157).  
The conversion of the peak position in wavenumbers 
associated with the fringe separation expressed in pixels 
goes as follows.  To set the wavenumber unit of 
measurement, that is to convert from pixel-1 to 
wavenumbers, the inverse of the sample length of 3000 
pixels is being used:  3000pixel1 1   wavenumbers.  The 
inverse of the fringe spacing should appear on the power 
spectrum of the FFT transform as a peak at  691 1pixel =
 693000 wavenumbers 44 wavenumbers. This is not the 
value indicated in the caption of fig. 2B of ref. [11] that is, 
the 45 wavenumbers. It is about one wavenumber less 
instead, close to where the power spectrum should be after 
shifting it by 1 wavenumber to the left.  Simple inspection 
of the power spectrum in fig. 2B of ref. [11] shows that the 
spectrum is actually placed at the wrong position (in spite 
of what the figure caption reads) and must be shifted by 
about 1 wavenumber to the left until it touches the y-axis at 
zero.  By shifting the graph, the position of the FFT peak 
becomes 44 wavenumbers, as it should be. As it will be 
shown later, this shift of spectrum to the left is required for 
the proper estimation of the R measure, according to the 
experimental analysis applied.  
 
Table 1. Fast Fourier transform frequencies in power 
spectrum 
Fourier 
frequency  0 1 K-1 K K+1 
Power 
2
DC
0 I
2
I





 
 
2
0
2
I





  20
4
VI





  20
2
VI





  20
4
VI





  
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Appendix II.  Estimating the measure R in Radin et al. 
 
Consider a set of two slits of rectangular shape each of 
width, a, and separation, d, between their centers. The 
signal,  θI , recorded by the camera at an angle θ from the 
center of the double-slit, fig. 1, is for uniformly illuminated 
slits:             
                   
   
 






λ
πdsinθ
cos
λπaθ
λπaθsin
θI 22
2
  
                        
  θsmallfor,
λ
θdπ
cosθF 2 




 

            (II-1)                                                                             
where  θF  represents the diffraction term of light passing 
through one slit.  
The intensity distribution I(θ) can be approximated as [2] 
                   
       DC0 IθKVcos1IθFθI 
         (II-2)                
where the intensities of light at each slit are I1 and I2 and 
210 III  .The arbitrarily added term IDC allows for the 
detector offset (about 245 arbitrary units, in fig. 2A of ref. 
[11]). The interference frequency K is expressed in 
wavenumbers.  
The fringe visibility V in equation (II-2) is also defined 
as [2]  
                             
 τγ
II
II2
V 12
21
21


                        (II-3)                 
 where |γ12(τ)| represents the complex degree of coherence 
and τ is the time delay due to path difference in the 
propagation of the two beams. The intensity of the 
diffraction term across the camera width expands in a 
Fourier series 
                     ...cos2θacosθaaθF 210           (II-4)              
and can be written in the following approximation  
                                  
 
2
cosθ1
θF


                         (II-5)               
normalized such that the maximum at θ=0 is unity and the 
function goes to zero at the edges, so that  
   
     
   
   
     
4
θ1KVcosI
4
θ1KVcosI
2
θKVcosI
2
θcosI
I
2
I
2
θcosθKVcosI
2
θKVcosI
2
θcosI
I
2
I
θI
00
00
DC
0
0
00
DC
0

























              (II-6)                 
The correspondence between frequencies in the Fourier 
analysis and its power spectrum are shown in table 1. The 
peak in fig. 2B of ref. [11] is observed at K=45 
wavenumbers. The frequencies at K-1 and K+1 represent 
two power spectrum side lobes at a lower strengths (by ¼).  
As K is not an integer, these adjacent peaks are not 
symmetrically located about K in the power spectrum.   
The measure R can be estimated from the K-component 
(termed PD in Radin et al) of the spectrum with reference to 
the component at 1 wavenumber (termed PS), where PS P1 
           
 
 
2
2
0
2
0
1
K
SD
S
SD
D
V
2I
2VI
P
P
PP
P
PP
P
S
D
R 



               (II-7)                  
The relation (II-7) associates the R measure in Radin et al 
estimated from fig. 2B with the fringe visibility, V, 
estimated from fig. 2A.   
 After shifting the spectrum by one wavenumber to the 
left, as explained above, the strength of the power peak at 
now 44 wavenumbers measures about 107,4, while the 
strength of the power at 1 wavenumber is about 107,9. As a 
consequence of (II-7), since 1K PPR  32.0 , the 
visibility parameter will be 56.0V .  
In a similar fashion to the estimation of (II-7) a 
significantly better fit to the diffraction curve of fig. 2A in 
Radin et al is obtained by adding the term  
   2/12cos  A  to F(θ) in (II-5) and assessing the 
parameter A. Now frequencies at wavenumbers 2, K-2 and 
K+2 will be added to those of table 1. A comparison 
between the new F(θ) and that in (II-4) (keeping only the 
three terms of the series) yields:  Aa 12 0 , 12 1 a  and 
Aa 22 . A best fit is then obtained for A=0.25 (
32.0PP 1K  ), which transforms (II-7) to 
                          
2
1
02
1
K
a
a
V
P
P
R 






                        (II-8)            
yielding 0,75V  .  
The visibility parameter, V, can be directly estimated 
from fig. 2A. The intensity of fringes at the centre (at the 
zero-order fringe) gives Imax  1045a.u. and Imin  
270a.u.. Considering the elevation Ielev  262a.u. of the 
diffraction pattern at the centre, the fringe visibility is  
    
     
    98,0minmax
minmax0 



elevelev
elevelev
IIII
IIII
V
               (II-9)               
where  0V  denotes the visibility at the centre (zero order 
fringe). The visibility at the ends of the diffraction pattern 
is close to 100%, given that the minimum fringe intensity, 
Imin -Ielev, is practically zero. If the power spectrum were 
considered at its currently displayed position in fig. 2B of 
Radin et al, the power at 1 (P1) where the spectrum is 
9 
very steepwould have been even higher than the 
observed 107,9 units making the visibility even lower than 
0.75. The above analysis renders the reported two graphs in 
figs. 2A and 2B in ref. [11] as incompatible. 
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